Introduction: Sedentary lifestyle is a major risk factor for diabetes, cardiovascular and many other agerelated diseases. Heart rate variability (HRV) reflects the function of regulatory systems of internal organs and may sensitively indicate early metabolic disturbances. We hypothesize that quantitative and qualitative changes of HRV in young subjects may reflect early metabolic derangements responsible for further development of clinically significant disease. Aim: The aim of our study was to determine whether the parameters of carbohydrate metabolism (fasting blood glucose, HBA 1c and surrogate insulin sensitivity/resistance indices) correlate with anthropometric data and HRV. Methods: The study group consisted of 30 healthy sedentary male subjects aged 20-40, nonsmokers, mainly office and research employees, medical staff and students. Athletes, actively training more than one hour per week, severely obese and men of physical work were excluded from the study. HRV parameters were derived from short term ECG records (five minutes intervals) in supine position and during orthostatic test. Anthropometric data included height, weight, body mass index (BMI), age and body composition (estimation by bioelectric impedance method). The fasting blood glucose, insulin and C-peptide, homeostatic model assessment (HOMA-IR) index and glycated hemoglobin (HbA 1c ) were evaluated. Linear correlation coefficient (r) was calculated using Statistica 10.0 software. Results and discussion: HOMA-IR index correlated positively with body weight, visceral fat and BMI (p¼ 0.047, 0.027 and 0.017 respectively). In supine position pNN50 positively correlated with glucose/ insulin ratio (p¼ 0.011) and heart rate with HOMA-IR (p¼0.006). In orthostatic test negative correlations of HBA 1c with standard deviation, total and low frequency power were determined (p ¼0.034, 0.400 and 0.403 respectively), which indicates a gradual worsening of functional capacity of cardiovascular system with low-grade increase (under the conventional threshold) of HBA 1c . Conclusions: In apparently healthy sedentary subjects HRV reduction correlates with the age advancement, subclinical deteriorations of carbohydrate metabolism and excessive fat accumulation.
Introduction
Sedentary lifestyle, obesity, hypertension, dyslipidemia and type 2 diabetes (T2D) are among the most important risk factors of cardiovascular morbidity and mortality [1, 2] . These factors contribute to approximately 19.5 million deaths per year, which is more than 1/3 of all fatalities [3] . Due to economic development and gradual elimination of physical work the share of people with physical inactivity (low level of activity) dramatically increases and spreads worldwide from mainly developed countries in the past [4] . It is well known that the development of cardiovascular diseases, in particular atherosclerosis, often starts at young age, sometimes even in childhood and adolescence without the evidence for the presence of these risk factors. Research is mainly focused on already developed disease and little is known about early stages where the main homeostatic parameters (e.g. blood tests) remain within the physiological range and all the changes are on early subclinical stages. Being clinically invisible and generally ignored these conditions gradually progress and it is only a matter of time when they will manifest in the form of the disease. But most of the known risk factors are highly modifiable, and early interventions may be extremely beneficial, cost-effective, and could prevent or at least significantly delay the onset of the disease.
Glycosylated (glycated) hemoglobin (HBA 1c ) is formed in a nonenzymatic glycation pathway by hemoglobin's exposure to blood glucose and, since erythrocyte's lifetime normally is over a hundred days, HBA 1c level highly correlates with average blood concentration of glucose for relatively long periods of time (up to 3 months). The level of HBA 1c is often used as a stable cumulative index of glycemia reflecting the average level of blood glucose more reliably than commonly used fasting glucose. Therefore it is a major clinical parameter, especially in diabetes. Besides, it may reflect also the general level of posttranslational protein glycation in the whole organism, because the increased rate of glycation takes place in other body compartments proportionally to the glycemia level [5] . There are close relationships of key parameters of carbohydrate metabolism such as fasting blood glucose (FBG), HBA 1c , and homeostatic model assessment (HOMA) of insulin resistance (IR), and cardiovascular risk in diabetic patients. However, in non-diabetic subjects where the levels of HBA 1c are within normal range (up to 6.0%) despite its potential importance, this parameter has not been extensively studied until recently. In a recent paper of Chang et al. [13] on a large cohort it has been proven that subclinical coronary atherosclerosis is associated with higher levels of HBA 1c in non-diabetic subjects without overt cardiovascular disease [6] .
Heart rate variability (HRV) reflects oscillations in heart cycle duration over the time and is generally considered as a measure of regulatory influences, mainly activity of the autonomous nervous system (ANS) to regulate function of cardiovascular system (CVS). Classical interpretation of HRV include the activities of parasympathetic and sympathetic branches of ANS, their balance/ratio and a number of other related parameters [7] . However a growing evidence is accumulating since recently concerning metabolic background of HRV [8] [9] [10] and the critical dependence of the amplitude of heart rate oscillation on the intracellular energy supply [11] . There are also some indications that the parameters of HRV in orthostatic test (OT) are of particular importance, since the examined subjects are exposed to a mild level of exertion which causes some stress, requiring adaptation. In fact, at rest initial changes may become hidden by adaptive reactions of the human organism, and only mild physiological activation reveals abnormalities [12] . If this assumption is correct, the changes in HRV parameters in apparently healthy subjects should reflect early metabolic shifts and sensitively indicate the initial stages of health problems related with sedentary lifestyle. The aim of our study therefore was to determine whether the parameters of carbohydrate metabolism (FBG, HBA 1c and surrogate insulin sensitivity/ resistance indices) correlate with anthropometric data and HRV.
Materials and methods

Study group characteristics and anthropometric parameters
In our study 30 apparently healthy sedentary young male subjects (HSS) aged 20-40, nonsmokers, mainly office and research employees, medical staff and students were enrolled. Any athletes, subjects actively training for more than 1 h per week, severely obese (body mass index above 35.0 kg/m 2 ), men physically working and subjects suffering from any chronic diseases were excluded from the study. The questionnaire used in the study was adapted from "The General Practice Physical Activity Questionnaire" (translated into Ukrainian), developed by the London School of Hygiene and Tropical Medicine as a validated short measure of physical activity available online at http://www.patient.co. uk/doctor/general-practice-physical-activity-questionnaire-gppaq. Subjects were considered as "sedentary" if their result was classified qualitatively as "Inactive" or "Moderately Inactive" according to the online calculator. Enrolled subjects never smoked or quit smoking not later than 3 years prior to the participation in the study, no one was vegetarian or had any voluntary qualitative or quantitative food restrictions. All subjects underwent physical examination, routine clinical tests and electrocardiography. Anthropometric data included height, weight, body mass index (BMI), and age. Height was measured with a standardized stadiometer, patients were weighed on electronic scales (OMRON Corporation, Kyoto, Japan), and BMI was calculated. Body composition was estimated by the bioelectric impedance method and the following parameters were determined: fat content (% of body weight), visceral fat (%), muscle mass (%) on the Body Composition Monitor BF500 (OMRON Corporation, Kyoto, Japan). It should be noted that the body composition measurements provide approximate results and are used for rough estimation of body composition. The Ethics Committee of Danylo Halytskyi Lviv National Medical University approved the design and protocol of the study. A written informed consent form was obtained from all the subjects enrolled in the study.
Clinical laboratory investigations, ELISA and glycated hemoglobin
Routine clinical blood cell count was performed by automatic cell counter ABS-Micros 60-OT (Horiba Medical, Montpellier, France). Blood cell morphology evaluation was performed by an experienced clinical laboratory specialist.
Fasting whole blood glucose was determined by the conventional glucose oxidase method routinely used in clinical laboratories, while HbA 1c was assessed using a highly sensitive method of ion-exchange liquid chromatography with a D-10™ System analyzer and BIO-RAD D-10™ reagents (Bio-Rad, Hercules, California, USA). The levels of insulin and C-peptide were determined with respective ELISA-assays (DRG Instruments GmbH, Marburg, Germany).
Surrogate methods for insulin resistance/sensitivity evaluation have also been used in the study. A homeostatic model assessment (HOMA) of insulin resistance (IR) derived from the basal (fasting) levels of glucose and insulin is the most commonly used and highly correlates with the "golden standard" euglycemic clamp method, which is technically much more difficult to perform [13] . HOMA-IR index was calculated by the formula HOMA-IR¼ FBG Â Insulin/22.5. As a measure of insulin sensitivity glucose/insulin ratio was calculated.
Heart rate variability
HRV parameters were derived from short term electrocardiogram (ECG) records (5 min intervals) in supine position and during orthostatic test. In the morning hours, not less than 24 h after the last significant physical exercise, the short-time records of ECG were performed in a quiet dark room. A computer electrocardiograph "VNS-Micro" (Neurosoft s , Ivanovo, Russia) was used for ECG records. After 20 min of rest, studied subjects were asked to stay supine quietly for 5.0 min for stationary condition HRV recording. Afterwards they were asked to stand up rapidly and remain in the standing position for 6 min -active OT. RR intervals were determined with a sampling frequency of 2.0 kHz and were analyzed with "Poly-Spectrum" (Neurosoft s , Ivanovo, Russia) software designed according to HRV standards [7] . The timedomain parameters -standard deviation of normal RR intervals (SDNN), the square root of the mean squared differences of successive RR interval (RMSSD), and the percentage of differences between adjacent normal RR intervals exceeding 50 m (pNN50) -were determined. The power spectral analysis was performed sequentially with a fast Fourier transformation. The following frequency-domain variables were studied: total power (TP, 0.01-0.40 Hz), high frequency power (HF, 0.15-0.40 Hz), low frequency power (LF, 0.04-0.15 Hz), and very low frequency power (VLF, 0.01-0.04 Hz). Occasional extrasystoles (not more than 1/min) as well as artifacts were detected ad oculus by an experienced physician (A.C.) and removed manually from the analysis. Extrasystoles were excluded from the analysis together with the consecutive compensatory pause, because they cause significant deviation of normal HR with sinus rhythm and may distort the HRV evaluation.
Statistical analysis
All data were processed using the statistical package Statistica 10.0 (Statsoft, Tulsa, Oklahoma, USA). Normal distribution of the obtained data were confirmed with Shapiro-Wilk's W-test. The descriptive statistics of the data in tables include mean, 95% confidence interval, median, standard deviation, lower and upper quartile, standard error mean. Coefficient of linear correlations r (Pearson) and its significance p was calculated and included in the matrix. If not indicated otherwise, p o0.05 was considered as significant.
Results
Since all subjects enrolled in the study were apparently healthy with no documented evidence of any chronic disease, the vast majority of the parameters were found to be within the normal range. The study was intentionally designed and performed to investigate the relationships of the parameters at the stage where no evidence of any changes is present or changes are under the threshold of conventional generally used clinical methods.
The main anthropometric data and body composition parameters are presented in the Table 1 . HSS subjects tend to have close to upper normal range limit BMI with mean 24.8 (20.0-24.9). 11 subjects (36.7%) had BMI in the range 25.0-29.9 (overweight), while three of them (10.0%) had between 30.0 and 34.9 indicating first grade of obesity. Total fat content estimation was 21.1% (normal value up to 20.0%) and there was a slightly lower muscle mass of 38.5 (normal value for young male adults above 40%). In six out of 30 HSS the value of visceral fat exceeded 10%, which indicates abdominal type of fat accumulation, typical for metabolic syndrome.
The parameters of carbohydrate metabolism are summarized in Table 2 . The mean of FBG was found around the lower normal range limit and HbA 1c was slightly elevated to 6.1% only in one subject (normal range is 4.0-6.0, diabetes cut off value is 6.5%).
Insulin level was found to be elevated in 3 (10.0%) subjects (reference range 2-25 μlU/mL), while the values of C-peptide were found within the normal range in all HSS (reference range 25-320 pg/ml). HOMA-IR index was above the threshold level of 2.7 in 5 (16.7%) subjects and FBG/insulin ratio level was lower than 0.33 in 14 subjects indicating decreased insulin sensitivity. The correlation analysis revealed no significant relationships of age, height and muscular mass with the glucose metabolism parameters. However significant correlations have been found for HOMA-IR with weight, visceral fat and BMI (Table 3) . Glucose/insulin ratio, mainly reflecting insulin sensitivity negatively correlated with weight, fat content and visceral fat. No meaningful correlations were observed for C-peptide and anthropometric parameters, while positive correlations were found for insulin with visceral fat and BMI. No significant correlations were found for blood pressure and other studied parameters.
The correlations of HRV parameters and carbohydrate metabolism are shown in Tables 4 and 5 . In supine position (Table 4) the most significant correlations were found for HR, namely negative with FBG, and insulin sensitivity (glucose/insulin ratio) with respective p values 0.013 and o0.001. HOMA-IR index and level of insulin showed positive correlations (p ¼0.006 and p¼ 0.002 respectively). In contrast pNN50, an important marker of parasympathetic activity, showed negative correlations with HBA 1c , insulin and HOMA-IR index, however p values did not reach significance threshold (p 40.05), while the positive correlation with glucose/insulin ratio was significant (p ¼0.011) (Fig. 1) .
A negative correlations of HRV with age were demonstrated, in particular pNN50 is clearly decreasing with age (r ¼0.527, p¼ 0.003, Fig. 2B ) and HF power (r ¼0.421, p ¼0.020) in supine position. At the same time no significant correlations of age were confirmed in OT.
During OT the pattern of correlations was different. HBA 1c negatively correlated with all HRV parameters and significant values were shown for SDNN (p ¼ 0.034), TP (p ¼0.028) and LF (p¼ 0.027). For glucose/insulin ratio reflecting insulin sensitivity significant positive correlations with SDNN (p ¼0.010), TP (p ¼0.009) and VLF (p ¼0.003) were observed. FBG, HOMA-IR index, insulin and C-peptide did not reveal any significant correlations with HRV parameters in OT. 
Discussion
There is growing evidence for the importance of sedentary lifestyle in cardiovascular diseases and T2D, in particular due to increase of its rate in developing countries [4] . Together with wider food availability inactivity contributes to weight gain and obesity. Physically active subjects with overweight or even mild forms of obesity often are healthier and have lower risk of cardiovascular events and other related diseases than, for example, lean smokers with sedentary lifestyle. These patients are referred to as "metabolically healthy but obese" and there is no surprise that when they are sufficiently active their obesity remains relatively benign and IR, dyslipidemia, endothelial dysfunction and other related conditions do not develop [14, 15] .
Most age-related diseases have a long period of subclinical changes and usually remain undetected. The patients gradually approach to the disease onset often being unaware of serious consequences of long-lasting latent period. Existing recommendations for the treatment of hypertension or T2D advise "lifestyle modification" or "moderate physical activity", however, the intervention could be started far earlier, and potentially could effectively prevent even the development of pathological conditions such as pre-diabetes and pre-hypertension.
It is well known that decreased HRV is associated with numerous health problems including increased all-cause mortality, ventricular arrhythmia mortality, heart failure, myocardial infarction, T2D risks even without evidence of autonomic neuropathy, liver damage, hypertension and many other problems [16] . Recently we reported substantial decreases of HRV in patients with Marfan syndrome which is often associated with worsening of the prognosis and serious cardiovascular complications. There is growing evidence that a decrease in HRV eventually may appear not only as a consequence of decreased activities of sympathetic and parasympathetic branches of ANS, but also as independent metabolic phenomenon, related to possible impairment of cardiomyocytes, especially cells of the sinoatrial node (SAN) that may be less responsive to neural and humoral impacts [11] . Basically, according to this hypothesis, lower ATP supply by mitochondria of the cells of SAN provide lower membrane potential created by Na þ /K þ ATPase, which lowers excitation threshold of pacemaker cells. In other words energy (ATP) deficit has the same (or similar) effect on cardiac cells as sympathetic nervous output. Low excitation threshold reduces the impact of regulatory mechanisms and amplitude of HR oscillations remain low. In contrast, sufficient supply of energy provides high threshold for SAN cell excitation, decrease in HR and duration of heart cycle may be more readily manipulated, for example by cardiovascular reflexes, increasing amplitude of HR oscillations (Fig. 3) . HR fluctuations provide better adaptability of the organism compared with the relatively stable heart rhythm [12] and this principle may be applied to redox biology as well. Recently the redox theory of aging was suggested and, interestingly, among the arguments the author also points out that a greater regularity of the metabolism is associated with poor health [17] . The regulation of the metabolism is organized on multiple hierarchic levels and numerous mechanism are involved. Many of them have feedback loop organization therefore causing physiological oscillations of the levels of substrates, activities of enzymes and periodical functional activities of the cells. The higher variability of metabolism provides wider availability of different adaptive reactions which may become critical for proper functioning or even survival in certain situations. However, possible relationships of metabolic variability and HRV are still not quite clear.
There is a growing evidence of the relationship of carbohydrate metabolism derangements and vascular, in particular, endothelial dysfunction. It was shown that hyperglycemia, glucose fluctuations and carbonyl stress can enhance brain microvascular endothelial barrier dysfunction [18] . Oxidative stress, lipid peroxidation and accumulation of reactive aldehydes, in particular 4-hydroxynonenal is widely involved in the progression of carbohydrate dysregulation as well as other aging related conditions [19] [20] [21] [22] . In addition, it was shown that HRV was affected by age, hyperglycemia and accumulation of body fat [23] ; however, all the reports concern mainly patients with already developed disease. Our study is an effort to establish relationships far before disease onset.
Worsening functional conditions of CVS in apparently healthy subjects was associated with gradual decrease of time and Fig. 3 . The relationships of heart rate variability and redox state in the pacemaker cells of sinoatrial node. The heart rate regulation is very complex and many regulatory mechanisms are involved on different levels. Sympathetic and parasympathetic branches of autonomic nervous system play a major role in modulation of heart automaticity, however intrinsic metabolic and electrophysiological properties of sinoatrial node cardiocytes may be crucial for the amplitude of heart rhythm oscillations. Higher activity of Na þ /K þ ATPase powered by sufficient ATP supply provide diastolic hyperpolarization of the membrane of cardiocyte, decreasing excitability and promoting vagal brake effect (providing heart rate decelerations). Energetic deficit, in contrast, provides depolarization of membrane, increased excitability and lower amplitude of heart rhythm oscillations.
frequency domain parameters of HRV, and there are negative correlations of a number of HRV parameters with age, BMI, visceral fat and other parameters. These findings were in accordance with the data from positive IR correlations with anthropometric parameters (body mass, visceral fat and BMI, Table 1 ). Interestingly, we were unable to detect significant correlations of HBA 1c with HRV in supine position, despite the evidence of an association of subthreshold levels of HBA 1c with signs of arteriosclerosis and calcification of the vessels in non-diabetic men and women [6] . However, with low-grade functional activation of CVS (active OT) we observed negative correlations of HBA 1c with SDNN, TP and LF, which indicates the gradual worsening of functional capacity of CVS with low-grade increase (under the conventional threshold) of HBA 1c .
From the physiological point of view HRV is very sensitive and may reflect even mild changes in functional conditions of CVS. For example, there are quite significant variations of HRV depending on the time of day, physical activity, condition of physical exhaustion and recovery. This restricts wide and straightforward use of the method. On the other hand -HRV reflects current conditions of SAN and the integrated regulatory input which is focused specifically on the pacemaker cell [11, 12] . This requires a very careful methodological approach to minimize possible artifacts that can significantly distort the results of the HRV records. In our case the studies were carefully standardized, the criteria of inclusion and exclusion allowing to avoid any significant unnatural impacts, and the HR monitoring and recording was performed in similar conditions for all the subjects in the study providing a quasi-stationary condition.
There are several important limitations of this pilot study. Significant degrees of heterogeneity in the group and relatively low number of subjects recruited reduces statistical power and reliability of obtained data in terms of extrapolation to larger populations. The changes caused by sedentary lifestyle in studied subjects in most cases are not clinically significant and are reversible. It would be of great importance to study correlations of HRV with markers of inflammation, oxidative stress and a number of hormones, which we plan for the future. The mid-and long term follow up of these subjects could be a valuable continuation of the study.
In summary, the progression of age-related diseases is gradual and early interventions are the most effective in reduction of the risk of morbidity and development of complications. Conventional criteria of diseases often leave a large number of subclinical cases under the diagnostic threshold leaving those subjects without sufficient attention and adequate recommendations. In apparently healthy sedentary subjects HRV reduction correlates with the age advancement, subclinical deteriorations of carbohydrate metabolism and excessive fat accumulation. The mechanistic relationships of HRV and metabolic parameters remain to be poorly understood and require further studies.
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